Abstract. Present codes of practice do not consider the effect of arrangement of partitions in the plan of structure on the seismic demands of these non-structural components. In this paper, a modification factor has been proposed to modify provisions for those seismic demands. Seventy two regular lowrise reinforced concrete moment frames, supporting some partitions, exposed to seven appropriate ground motions. The nonlinear seismic response history analysis considering out-of-plane behavior of partitions has been conducted using the OpenSees platform. The average values of peak responses from those earthquakes were obtained. The forces generated using the analytical method, which some of them verified with existing study results, were compared with the values from the code and a factor denoted as seismic force modification factor, , was proposed. A parametric study has been carried out to study the effect of dominent parameters such as the arrangement of partitions, partition to structure height ratio, and length to height ratio of partitions on the  values. For the majority of the models, the  values are larger for partitions located further with respect to the center of floor.
Introduction
Non Structural Components (NSCs) are those elements of a building that are not portion of the main structure but may be subjected to seismic excitation and also they could have interaction with the supporting structure. The damage of the NSCs may seriously impair a building's function and generates life hazard. The high percentage of the total cost of damage could relate to the failure on NSCs. To improve life safety and to diminish cost of loss, a better conception of structural and nonstructural subsystems is required. In various literature studies, acceleration induced in NSCs has been investigated by experimental and analytical methods with and without considering dynamic interaction between NSCs and primary (P) structures. In research carried out by Marsantyo and structure, extend of inelasticity of the structure, peak ground acceleration, NSC to P-structure height ratio, and P-structure eccentricity ratio [1, 2, 3, 4, 5, 6, 7] . Masonry infills are used in reinforced concrete (RC) frame structures as interior and exterior partition walls. In previous works, many researches have been carried out to investigate the effect of shear wall and masonry infill on the structures behavior. The results showed the infill walls increase the strength and stiffness of the structures [8, 9, 10, 11, 12] . Position and size of the openings in the infill wall are two major parameters that affect the behavior of the infill walls as well as on that of the frame. Tekeli and Aydin studied the seismic behavior of infilled RC frames with opening using experimental method. Ten test specimens were constructed with 1/3 scale and tested under cyclic lateral loading. The test results clearly show that the contribution of the infill wall to the behavior of RC frame has diminished significantly when the opening ratio is larger than 9% [13] . Arrangement of the infill walls is also important parameter that affect the seismic performance of the structure. Razzaghi and Javidnia have been studied seismic performance of 18 models of the same structure and different arrangements of the infill walls to four different ground motions using PERFORM 3D software. Results revealed that infill walls play a vital role in seismic performance of the RC buildings. It was shown that noticeable changes may occur in seismic performance (e.g., experienced damage state, energy dissipation, etc.,) of the same structure with different arrangements of the infill walls [14] . Out-of-plane (O.O.P) behavior and loading should be considered for stability of wall under the seismic excitation. Mohammadi and Yasrebi have investigated the O.O.P behaviors of walls and infills using rigid block concepts. It is shown that unreinforced walls of regular sizes (3 m high and 4.5 m long) are normally unstable under the strong earthquakes. Also supplying 3 reinforced bars at 1/4 , 2/4 and 3/4 of the panel's height stabilizes the walls [15] . Preti et al. presented the results of an experimental campaign on the behavior of engineered masonry infill walls subjected to both in and O.O.P loading. Tests on two large-scale specimens and sub-assemblies were performed in order to evaluate the infill deformation capacity, the damage associated with different drift levels, and the mechanical properties of the components. A design method was developed for masonry infill walls capable of solving their vulnerability and detrimental interaction with the frame structure when subjected to seismic excitation [16] .
Present codes of practice such as ASCE 7-10 [17] do not consider the effect of parameters such as the arrangement of partitions in the plan of the P-structure on the seismic design force of partitions. It can be understood that if this effect is taken into account in the analysis of partitions, the generated force, considerably, may be different. Although some studies have been done to investigate the seismic forces in nonstructural element, no work has been reported to obtain the forces exerted on the partitions during earthquakes, attending O.O.P behavior, nonlinearity, and arrangement of partitions simultaneous. In this paper, considering the existing studies results, the main objectives of the present research work are as follows:
 To obtain the O.O.P seismic design force with considering O.O.P behavior and nonlinearity of partitions.
 To compare analytical values of O.O.P seismic design forces with the values given by .
 To propose a factor for the modification of the seismic demands on partitions.
 To find out the effects of various parameters on O.O.P seismic design forces. The considered parameters are positions of partition in the plan of the supporting structure, partition to structure height ratio, and length to height ratio of partition.
Therefore, a study is undertaken, which involved the finite element (FE) analysis of the behavior of low-rise RC frame with hollow clay brick masonry infills. The forces perpendicular to partitions are defined through nonlinear seismic response history procedures. Analytical values of O.O.P seismic design forces are compared to for the seismic demands on NSCs. A factor is denoted as seismic force modification factor, , to improve seismic demands on partitions given in ASCE 7-10
[17] provisions.
Methodology
It is required to model the structures properly with regard to the presence of partitions considering O.O.P and nonlinear behavior. FE method is used for the analysis of combined system that a partition forms with the structure to which it is attached. In this study, nonlinear seismic response history analyses have been conducted using the OpenSees platform in which main structures and partitions are exposed to a set of seven ground motions. Standard 2800-14 [18] is used for the scaling of the records, design of RC frames is based on ACI 318M-99 [19] and masonry infills are modeled using method proposed by Kadysiewski and Mosalam [20] . 3-story and 5-story models having partitions located in different positions were considered in this research. For any model, the average peak O.O.P seismic design forces is obtained. The seismic forces of partitions are also calculated using ASCE 7-10 [17] .
The analytical values of forces are divided by the values from the code and a factor, denoted as seismic force modification factor, , is determined.
Preliminary design of frames having partition
The structures are modeled, analyzed, and designed elastically in the first step. The effect of stiffness of partitions are considered in this stage. In this study, three types of partitions are used according to the different lengths and shown in Table 1 . The length of partition is the clear length of span measured between two columns. Clear height for all types of partitions is 2.88 m.
Partition stiffness definition
After elastic analysis, stiffness of partitions are calculated using the following equation.
=
where K is the partition stiffness, F is the horizontal force obtained for the bottom surface of the partition, and u is the horizontal displacement applied on the top surface of the partition. Values of partition stiffness are presented in Table 1 .
For the preliminary analysis, the masonry partitions are modelled with equivalent diagonal struts and hinge ends in ETABS software. To affect the weight and stiffness of partitions in modeling, weight of partitions is applied on the lower beams and stiffness is considered based on the area of struts section from the following relationship:
where A is the area of two equivalent bracings, K is the partitions stiffness obtained from Eq. 1, L is the length of bracing, E is the modulus of elasticity of bracings, which it is considered as steel members, ( = 200 ), and θ is the angle of bracing with respect to the horizon.
Structural models
After determining the area of equivalent struts, structures are preliminary modeled, analyzed, and 
Nomination rule
A nomination rule for the classification of computing and data processing is required due to large number of models. In this study, the models are named as
where i is the number of stories, j is the length of span which partition locates in (m), k is the level of floor which partition locates in, and l is the distance between partition and center of floor measured in the direction perpendicular to the partition (m).
According to the above nomination rule, the number of 3-story and 5-story models is 27 and 45 respectively.
The nonlinear analysis of frames with partition
The nonlinear seismic response history analysis is used with a 5% damping coefficient for the designed structures.
Modelling of partition
Various methods were suggested by the researchers and codes to simulate the behavior of masonry walls. For example, Nwofor has introduced the modified stiffness matrix method for macro modelling of infilled RC frames [21] . In FEMA 356 [22] , shear infill elements have been used for modeling masonry infill walls. The lateral rigidity of a masonry panel is considered by assuming a compression strut. Sabu and Pajgade have carried out seismic evaluation of existing RC building by simulating the action of infills similar to that of diagonal struts bracing the frame. The infills have been replaced by an equivalent strut proposed by Mainstone [23] . Kakaletsis also proposed a continuous forcedeformation model for masonry infill panels containing openings based on an equivalent strut method [24] . Mohebbi and Joghataei have used the triple linear shear beam model to simulate the behavior of confined masonry wall under earthquake [25] . Eshghi and Sarrafi have used a FE program, DIANA, for the FE modeling of fully grouted confined masonry walls, walls with unfilled head joints, twostory walls, walls with a lintel band and walls with added vertical ties on the opening sides [26] .
Furtado et al. have modeled the masonry infill walls in RC buildings using OpenSees. Each infill panel was defined by considering four support strut elements, with rigid in-plane behavior, and a central element, where the in-plane nonlinear hysteretic behavior was concentrated. The forces developed in the central element are purely of tensile or compressive nature when submitted to in-plane solicitations [27] .
In this paper, a macro modeling approach, as named single diagonal element, is adopted for partitions with regard to in-plane and O.O.P behavior interaction according to the PEER 2008/102 [20] .
Data used in the analysis of models
In the modelling, the following material properties have been used for beams and columns.
Beam and column
To determine the specifications of concrete and steel, OpenSees manual is used [28] . Uniaxial materials Concrete 02 and Steel 02 (as provided in the OpenSees library) are used for concrete and steel, respectively. Shell and core concrete of sections are considered as unconfined and confined concrete, respectively. The stress-strain parameters required to define the confined concrete model in OpenSees are computed based on the study by Mander et al., which is capable of predicting the effect of confinement due to steel transverse reinforcement [29] . The material properties adopted for confined and unconfined concrete are shown in Table 2 .
Representative plots for stress-strain behavior of confined and unconfined concrete are shown in Figure 3 .
The parameters required to define the steel model in OpenSees are computed based on the study by Menegotto and Pinto [30] . The followings are the material properties of steel adopted: yield strength = 400 MPa , initial elastic tangent modulus = 210 GPa , and strain hardening ratio = 0.03. Representative plot for stress-strain behavior of steel is shown in Figure 4 .
Seismic loads
The 
Parameters considered in this study
Main parameters affecting the seismic forces on the partitions are considered as: = , partition to structure height ratio, where z is the height in structure of center point of partition with respect to the base and h is the average roof height of structure with respect to the base.
Values of  used in this study are presented in Table 3 .
= , distance to center index of partition, where b is the distance between partition and center of floor in the direction perpendicular to the partition and B is the floor dimension in that direction.
Values of e used in this study are presented in Table 4 .
= , length to height ratio of partition, where L and D are length and height of partition respectively. Values of H used in this study are presented in Table 5 .
Determination of O.O.P seismic design forces of partitions

FE method
In this study, the nonlinear seismic response history analysis has been conducted using the OpenSees platform. Supporting structures and partitions were exposed to a set of seven ground motions. For any model and ground motion, the O.O.P seismic design force of partition determined using FE analysis and then this value obtained based on the average of seven ground motion inputs. 
Verifcation of the models
To verify the models, a numerical comparison is made between the forces obtained from this investigation with ones from approximate method proposed by Villaverde [31] . The proposed method is used to estimate the seismic response of nonlinear nonstructural components attached to nonlinear building structures in accordance with the following relationship:
where a S is the ordinate corresponding to the fundamental natural period and damping ratio of the structure in the acceleration response spectrum specified for the design of the structure, expressed as a fraction of the acceleration of gravity, R and p R are strength reduction factors that account for the nonlinear behaviour of the supporting structure and the nonstructural component, respectively, p w is the total weight of the nonstructural component, and p C is a component amplification factor calculated according to
where W is the total weight of the building, T is the fundamental natural period of the structure, and Table 6 . Figure 5 indicates a comparison between the forces obtained from FE analysis with those with approximate method proposed by Villaverde [31] . The amount of O.O.P seismic design forces of partitions obtained using OpenSees is, on average, 10% greater than the values estimated from approximate method. This difference is due to lake of consideration of distance between partition and the center of plan in the approximate method. The reasonable agreement between both forces can be clearly seen in the whole length to height ratio and have further assisted in the validation of the FE model used in this study.
ASCE 7-10 provisions for seismic demands on non-structural components [17]
In ASCE 7-10 [17] , the horizontal seismic design force, p F , is applied at the component's center of gravity and distributed relative to the component's mass distribution and is determined by
where z is the height in structure of point of attachment of component with respect to the base, h is the average roof height of structure with respect to the base, DS S is the spectral acceleration at short 
Seismic force modification factor
The O.O.P seismic design forces of partitions obtained from FE analyses are smaller or greater than those calculated using the Eq. 6. After the comparison, a factor denoted as seismic force modification factor, , is introduced to quantify the effect of parameters on the seismic design forces and equated as the following:
where n F is the O.O.P seismic design force defined based on the FEM solution and A F is the O.O.P seismic design force defined based on ASCE 7-10 [17] .
Seismic force modification factor is employed to evaluate the effct of various parameters on the seismic design forces perpendicular to partition computed from relationship in . This proposed factor has the potential to modify partitions seismic demands defined by the code. Hence, the O.O.P seismic design forces of partitions could be attained by multiplying those obtained from the code by the seismic force modification factor, , without the need for analytical method.
Computational results
The factor  estimated for 3-story and 5-story models using Eq. 7 is given in Tables A.1 
Summary and conclusions
This study proposed a seismic force modification factor, , and evaluated the dependence of the proposed factor on various parameters and characteristics (i.e. the distance to center index of partition in the plan of the supporting structure, partition to structure height ratio, and length to height ratio of partition). This proposed factor has the potential to modify partitions seismic demands defined by  The seismic force modification factors are significantly affected by partition to structure height ratio.
Notation
The following symbols are used in this paper: = compressive strength of unconfined concrete in Table 2 = compressive strength of confined concrete in Table 2 = ultimate strength of confined concrete in Table 2 = ultimate strength of unconfined concrete in Table 2 = compressive strength of the masonry = masonry expected compressive strength = tensile strength of concrete in Table 2 = yield strength of steel Table 2 = strain at compressive strength of confined concrete in Table 2 = strain at ultimate strength of confined concrete in Table 2 = strain at ultimate strength of unconfined concrete in Table 2 = damping ratio Table 4 . Distance to center index of partition Table 5 . Length to height ratio of partitions 
